ventricular fourth sound. There were no murmurs, no signs of failure and no evidence of venous thrombosis. The electrocardiogram showed a sinus tachycardia with right ventricular hypertrophy and right axis deviation. Echocardiogram confirmed the presence of an enlarged right ventricle, pulmonary artery and right atrium. The leftsided chambers appeared normal. A diagnosis of primary pulmonary hypertension was made and the patient was treated with digoxin, frusemide and potassium.
There was a strong family history of primary pulmonary hypertension. A cousin on her father's side had died from this condition in her twenties a few days after the birth of her third child, and this cousin's mother died in her early thirties from the same problem.
Because of continuing deterioration in her clinical condition with dyspnoea at rest by 30 weeks' gestation, the patient was admitted to hospital and scheduled for caesarean section. Digoxin, frusemide and potassium had been continued and verapamil was commenced. Oxygen was administered by a Ventimask at an inspired fraction of 0.5. Celestone was also commenced to enhance surfactant production in preparation for the baby's premature delivery. 4 The patient was admitted preoperatively to the Intensive Care Unit where a pulmonary artery catheter was inserted to monitor pulmonary artery pressures and to test the response of the pulmonary circulation to various stimuli. Unfortunately, there were no facilities for cardiac output monitoring which may have proved helpful in the management of this patient. Mixed venous oxygen tensions were monitored from which changes in cardiac output could be inferred.
The preoperative tests consisted of: 1. incremental challenges with a fluid load, 2. alterations in inspired oxygen tension, and 3. administration of selected vasodilators:
(tolazoline was included as it is still used for pulmonary hypertension in our Neonatal Intensive Care Unit) The results of the tests were as shown in Table 1 .
On the basis of these results we decided that it was safe to administer a preload of up to 200 ml of SPPS and that sodium nitroprusside would be the pulmonary hypotensive agent to be used under these circumstances, recognising that it also had a profound effect on the systemic blood pressure.
Premedication was with oral cimetidine 400 mg and mist magnesium trisilicate 20 m!. A preload of 150 ml SPPS was given (on the basis of the previous day's testing). ECG, systemic blood pressure, central venous pressure, and pulmonary artery pressure were monitored. Baseline observations were a pulse rate of 120/minute, systemic blood pressure 110/85, pulmonary artery pressure 62/40 and central venous pressure 5 cm water measured from mid-axillary line.
An epidural injection was then performed at the second-third lumbar interspace and 8 ml bupivacaine 0.56,10 plain was injected through the Tuohy needle. An epidural catheter was then inserted and 4-5 ml boluses of bupivacaine were injected over the next 35 minutes to a total of 22 ml until an upper level of sensory block to T6 bilaterally had been produced. After the initial bolus the systemic blood pressure fell from 110 mmHg systolic to 95 mmHg systolic, but subsequently the pressure was maintained between 95-105 mmHg systolic by giving small volumes of SPPS and crystalloid without the use of any vasopressors. The pulse rate was 100-105/minute and the pulmonary artery pressure settled at 53/35. These small boluses of bupivacaine therefore, produced small changes in systemic blood pressure and allowed gentle correction by fluid infusion without adversely affecting pulmonary artery pressure, or producing gross fluctuations in haemodynamics.
Concern that the presence of anxiety might invoke an autonomic sympathetic response, with a redistribution of blood flow and alteration in pulmonary vascular resistance so as to aggravate the pulmonary hypertension, prompted the use of intermittent boluses of diazepam and pethidine to a total dose of 20 mg and 40 mg respectively, over a period of two hours. The neonatologists were informed and prepared to deal with any resulting respiratory depression.
Classical caesarean section was performed and the baby was delivered successfully. Syntocinon 10 units was infused over a period of 15 minutes after the cord had been clamped. Tuballigation was performed and at the end of the procedure the patient felt well. Pulse rate was 95/minute, systemic blood pressure was 95/65, and pulmonary artery pressure was 48/35. She was then returned to the Intensive Care Unit by late morning where she received 5-8 ml boluses of 0.25% bupivacaine for postoperative analgesia. Despite grave concern expressed by the anaesthetists heparin was commenced to prevent thromboembolism. She was also given three-hourly doses of morphine to a total of 25 mg and diazepam to a total of 40 mg for sedation overnight. The patient's condition remained stable for most of the night; however, by the morning of the first postoperative day there was evidence of intraperitoneal bleeding as she appeared pale with a pulse rate of lW/minute, BP 110/80, pulmonary artery pressure 65/30, oliguria and her haemoglobin was 9.6 gOJo. She had also developed a to-and-fro murmur thought to be pulmonary incompetence. Mixed venous P02 had fallen from 39 to 24 mmHg. The patient was transfused with two units of blood.
The subsequent course was one of transient improvement but with continued intraperitoneal bleeding and persistent tachycardia, oliguria and systemic hypotension. By the next morning her haemoglobin was only 7.9 g%. Haematologic changes in the partial thromboplastin time (APPT) from 24.0 seconds prior to heparinisation with a control of 30.0 seconds, to 39.0 seconds and later 45.5 seconds with controls of 30.0 seconds while the prothrombin times remained normal (11.0 secs, control 11.5 secs) were thought to be due to the heparin therapy which was finally ceased at this time. Over the remainder of the day four units of blood were transfused as well as four units of fresh frozen plasma and six units of platelets. Although the patient appeared clinically better her PAP started to rise reaching the peak of 110 mmgHg systolic. This was initially restored to 65/30 first with sodium nitroprusside requiring 6-8 /-lg/kg/min and then later due to concern with toxicity at this rate, diazoxide 50 mg/hr was infused into the pulmonary artery. She had a persistent tachycardia of 130/min, BP 85/55 and central venous pressure 30 cm water.
The following morning, 64 hours postoperatively, the patient became profoundly hypotensive, and suffered a cardiorespiratory arrest. She responded to cardiopulmonary resuscitation and was then extubated. Three hours later, after being given diazepam 5 mg she had a similar episode. She again responded to resuscitation but because of poor blood gases she remained intubated and was ventilated. Arterial oxygen tension on ventilation with 100% oxygen was 41 mmHg. Positive endexpiratory pressure was added but this failed to improve her oxygenation. Five hours later she suffered a third cardiac arrest having been Anaesthesia and Intensive Care . Vol. 14, No. 3, August, 1986 persistently hypotensive during that time, and failed to respond to resuscitation. Post mortem examination confirmed the presence primary pulmonary hypertension and intraperitoneal haemorrhage. The uterine incision was revealed to be the source of bleeding. There was no evidence of pulmonary thromboembolism.
DISCUSSION
The anaesthetists' chief aim in this patient was to mInImise the haemodynamic disturbances associated with delivery and the administration of the anaesthesia.
An incremental epidural analgesic technique with full haemodynamic monitoring (with the exception of cardiac output studies) was selected as it was felt that this would provide the greatest haemodynamic stability. Induction of general anaesthesia in patients presenting for caesarean section requires the use of a rapid sequence induction to minimise the risk of regurgitation and aspiration. It was felt that this could be detrimental since inadequate anaesthesia on induction might produce straining and bucking and so increase intrathoracic pressure and pulmonary vascular resistance. Alternatively, the dose of induction agent required to provide adequate anaesthesia might have significantly affected pulmonary blood flow as a result of myocardial depression. These arguments were mainly relevant to the rapid sequence induction phase of the administration of general anaesthesia.
A major part of the preoperative management was to define the dose-response curve for fluid and vasodilator drugs. The rarity and high mortality of primary pulmonary hypertension in pregnancy has precluded any large studies on mechanisms or effective vasodilator therapy. So far many different therapeutic agents have been used 5 -7 with varying success. However, the effectiveness of these agents on the pulmonary vasculature needs to be considered in the light of the normal, and not inconsiderable, variability of pulmonary artery pressure in patients with primary pulmonary hypertension. 8 Also, it is probably more relevant to investigate the effects of these agents on pulmonary vascular resistance rather than on pulmonary artery pressure. CONCLUSION This report shows that the anaesthetic technique described at least allowed successful delivery of the infant. The death of the mother clearly demonstrates that the subsequent management was unsuccessful in the face of haemorrhage. The literature does not support the use of heparin 3 • 9 in these circumstances and the authors regard it as a contraindication in the presence of a classical uterine incision. Finally, the guidelines for successful management of these patients in the post delivery period remain unresolved.
